What Db We Plant?

FIRST THE SEED, THEN THE TREE

PAUL O. RUDOLF

N THE United States more than

600 species of woody plants are use-
ful for conservation planting, and some
75 million acres are in need of refores-
tation. For that, more than 100,000
tons of forest sceds will be needed. We
should thercfore know all we can about
forest seeds—where they arc borne,
how often good crops come, when seeds
are ripe, when is the best time to col-
lect, how to clecan them, how to store
them, how to obtain prompt germina-
tion, how good they arc, and what their
origins are. :

Seeps DEVELOP from flowers. The
floral organs are the stamens and the
pistils, which produce the sperm, or
male cells, and the egg, or female cells,
which, when united, produce the seed.
Some treces and shrubs have bisexual,

Above: A onetime Navy plane is used to seed
white pine on burned-over forest lands in
awne.

or perfect flowers. Many, however,
have stamens and pistils borne in sepa-
rate flowers, either on the same plant
or on scparate plants. Others have both
perfect and unisexual flowers on the
samc plant. A knowledge of these
habits helps the sced collector to know
what trees are likely to produce seeds
and also what crop to cxpect {rom the
abundance of blossoms.

A typical tree seced consists of an
embryo, usually cmbedded within an
endosperm (sometimes very thin or
cven absent), all enclosed in onc or two
seed coats. The embryo is a complete
plant in miniature. The endosperm
contains food rescrves that become
available for germination and carly
growth. The seed coat protects the em-
bryo from injury before germination.

Trec seeds range in size from the
powderlike rhododendron sceds to the
large black walnuts. They differ greatly
also in shape, color, and other char-
acteristics. From the standpoint of col-
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lection and extraction, however, seeds
fall into three groups:

1. True seeds readily extracted from
dry fruits. Included in this group are
trees whose seeds are borne in cones
(fir, hemlock, larch, pine) or in fruits
that split open, such as pods (honey-
locust, locust, yellowwood), or in cap-
sules (e. g., the fremontia, poplar, wil-
low).Commercial sced is almost always
the true sced.

2. Dry fruits with seeds surrounded
by a tightly adhering fruit wall. In-
cluded are species whose seeds are
borne in achencs (clematis, cliffrose,
eriogonum), the nuts (chestnut, filbert,
oak), and samaras, or key fruits (ash,
elm, maple). Because it is hard to do
so, secds of this group are seldom ex-
tracted from the fruits. For all practi-
cal purposes the entire fruit is the secd.

3. Seeds of fleshy fruits. Included
arc species whose sceds are borne in
accessory fruits (buffaloberry, winter-
green), aggregate fruits (raspberry),
the berries (barberry, currant, honcy-
suckle), the drupes (cherry, dogwood,
plum, walnut), multiple, or collective
fruits (mulberry, Osage-orange), or
pomes (apple, pear).

To suppLy the necds of the seed
trade and reforestation, large quanti-
ties of tree seeds must be collected,
cxtracted, and stored cvery year.

In scouting out supplies, the sced
collector should kecep eight points in
mind:

1. The parent plants should be of
desirable form and development.

2. Trecs whose crowns receive light
from above and the sides usually pro-
duce the bulk of the sced crop.

3. The flowering habit detcrmines
which trees will produce seeds and the
part of the crown in which they are
borne.

4. Estimates based on actual count
of fruits on representative trces or on
small samplc plots well distributed
over the collecting area are most re-
liable.

5. “Trce seed farms,” set aside in
mature stands of particularly good dc-
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velopment or plantations of known
good secd source, which produce seed
in reasonable abundance, will provide
desirable local collecting areas.

6. The tree sced-crop reporting serv-
ices, available in some regions, tell the
collector where good local crops are.

7. The soundness of sceds in indi-
vidual localities, or cven on individual
plants, should be tested.

8. Next ycar’s potential crop can be
cstimated from the number of first-
year fruits for such trees as the pines,
black oaks, and others which require
2 years to mature their fruits.

RirENESS of the seed and the length
of time it may rcmain on the plant or
on the ground without dcterioration or
injury determine the time of collection.
Collectors usually judge the ripeness of
fruits by their general appearance,
color, degree of “milkiness” of the sced,
hardness of the sced coat, their attrac-
tiveness to animals, or some combina-
tion of these factors. For some pines,
ripeness can be determined more ac-
curately by the floatability of freshly
picked cones in motor oil, kerosene, or
other liquids.

The exact time for starting seed
gathering must be determined for cach
specics in cach locality cach year. How-
ever, the general season in which to
make collections is known for a great
many species, some of which are:

Spring: Berlandier ash, river birch,
cottonwoods, clms (cxcept Chinese),
red maple and silver maple, poplars,
and the willows.

Summer: Bigcone-spruce, cherries,
Douglas-fir, elders, alpine larch, mag-
nolias, red maple, mulberrics, Siberian
pea-shrub, plums, serviceberries, Cali-
fornia sycamore.

Fall: The ashes (except Berlandier),
beeches, bigcone-spruce, birches (ex-
cept river birch), boxelder, catalpas,
cherrics, Douglas-fir, Chinesc clm, firs,
hickories, junipers, the larches (except
alpinc), magnolias, maples (cxcept
the red and silver), oleasters, Osage-
orange, pecan, most pines, plums,
spruces, sycamores, walnuts.
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Winter: Ashes (except Berlandier),
ycellow birch, the boxelders, catalpas,
Osage-orange, black spruce, Norway
spruce, sycamores, walnuts.

Any scason: Alecppo pine, bishop
pine, jack pine, lodgepole pine, Monte-
rey pine, pond pine, sand pine.

Forest sceds commonly are collected
from standing trces. Most tall trees
must be climbed and the fruits or sceds
detached by hand picking, by cutting
them off, or by knocking them off. In
hand picking, the fruits usually arc
placed in containers. If the {ruits arc
cut or knocked off, they are usually
caught in sheets spread below. Sceds
usually arc hand-picked or flailed from
small trees or shrubs without climbing
them.

It is usually cheaper to collect sceds
from fclled rather than from standing
trees. The collector must, howcever,
gathcer seeds only from trees cut after
the fruits have begun to ripen.

Twenty or thirty years ago conifer
conces frequently were gathered from
squirrel hoards in the Lake States and
the West. This is still donc to some
extent. Howevecr, sced collection from
rodent caches is of limited usefulness
because the parent trees arc unknown,
hoards are difficult to find consistently,
and few species are included. Some
successful collectors gather squirrel-cut
concs [rom the ground.

Sceds or fruits arc gathered from
water surfaces or from drifts along the
shores for a few tree species, such as
baldcypress and some of the willows.

Fruits should be taken to the extrac-
tion point soon after collection. Fleshy
fruits should neither be crushed nor
dried for very long. Others should be
spread out and dried partially before
shipment.

To preVENT spoilage, to conscrve
space and weight in the shipment and
storage, and to facilitatc handling and
sowing, seeds of many specics must be
separated from the fruits and cleaned
of fruit parts and debris.

Sceds are scparated from the fruits
by drying, thrcshing, depulping, or
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cleaning procedurcs such as fanning
and sieving.

The simplest method of drying is to
spread the fruits in shallow layers so
that there is free circulation of air
across and around each fruit. Where
the climate is damp, or the quantitics
of fruit grcat, drying is usually done
under a roof.

Artificial heat is necessary to open
some concs readily. Artificial drying
ordinarily is done in special kilns which
aim to provide the highest dry heat that
the seceds can stand without injury.
Two general types of kilns are used for
cxtracting sceds from cones: The
simple convcction and the forced-air.
The former has long been in use; the
latter has been devcloped since 1934.
Newly developed in Canada is a kiln
using batteries of infrared lamps.

Convection kilns depend upon the
natural risc of hecated air through cones
spread on trays placed dircctly above
the source of hecat. Forced-air kilns
are more complicated. Heat and hu-
midification are supplied by steam,
and fans provide forced circulation of
the warm air. Tempcraturc and the
humidity are controlled automatically
by an clectrically operated recorder-
controller. Forced-air kilns arc morc
cfficicnt than convection kilns. For
example, it takes from 24 to 72 hours
to cxtract sceds from red pinc cones in
convcction kilns as compared to 5 hours
in forced-air kilns. However, forced-
air kilns are more cxpensive and
require skilled men to install and oper-
ate them. The infrared kilns give prom-
ise of cfficiency and rclative cheapness
and casc of opcration.

Upon their removal from the kiln,
concs are run through tumblers—re-
volving boxes or drums with screcned
sides—to shake out the seeds.

The sceds of many dry fruits must
be separated from the bunches, pods;
or capsules in which they grow. The
simplest mcthods are flailing or trcad-
ing under foot. Sometimes agricultural
machinery can be used. Frequently,
however, special apparatus is neces-
sary for fully cfficient cxtraction. Two
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types have proved widely uscful, a
macerator developed by the Forest
Service, and a hammer mill. Either
can produce several hundred pounds
of clean secds a day.

Some small fleshy fruits arc dried
whole. However, the sceds of most
fleshy or pulpy fruits must be extracted
promptly to prevent spoilage. Small
lots can be cleaned by hand, by trcad-
ing in tubs, or by rubbing through
hardware cloth with hand brushes and
water {from a hose. Food choppers,
concrete mixers, fced grinders, cider
mills, wine presses, and restaurant po-
tato peclers have been used for remov-
ing seeds from fleshy fruits, but nonc
of these are as widcly applicable as the
Forest Service macerator or the ham-
mer mill. Mulberries, chokecherrics, or
Osage-orange {ruits, which require
mashing and soaking before they can be
run through the macerator, should not
be allowed to ferment.

Sceds of several species, such as elm,
maple, and oak, require no extraction,
but need merely to be freed of chaff
or trash. Often dried, without extrac-
tion, are somc of the small fleshy fruits
such as the chokecherrics, clders, hol-
lics, manzanitas, mountain-ashes, Rus-
sian-olives, and viburnums.

Mecthods of secd extraction com-
monly used for several specics are:

Air or kiln drying: The arborvitacs,
baldcypress, bigcone-spruce, ceanoth-
uscs, chamaecyparises, chestnut, chin-
quapins, cypresses, Douglas-fir, clms,
eucalyptus, firs, hemlocks, California
incense-cedar, larches, pincs, poplars,
common prickly-ash, redwood, spruces,
sweetgum, willows.

Kilns nccessary: The Aleppo pine,
bishop pine, jack pine, lodgepole
pine, Monterey pine, pond pine, sand
pine. (The cones remain unopened on
the trees for scveral years in all these
species.)

Threshing or screening:  Acacias,
alders, baccharises, beeches, catalpas,
Kentucky cofleetrec, filberts, {remon-
tias, hickorics, honeylocusts, American
hornbcam, common lilac, locusts, Si-
berian pea-shrub, castern redbud, the
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rhododendrons, silktree, sourwood, su-
macs, walnuts, witch-hazel.

Depulping: Apples, aralias, barber-
rics, blackberrics, bufTaloberries, lilac
chaste-tree, the cherrics, cotoncasters,
creepers, clders, grapes, hollies, honey-
suckles, black huckleberry, common
jujube, junipers, red mahonia; manza-
nitas, mountain-ashcs, the mulberrics,
Osage-orange, common pear, common
persimmon, plums, European privet,
raspberrics, mcadow rosc, sassafras,
common sca-buckthorn, serviceberrics,
silverberry, snowberrics, western soap-
berry, common spicebush, tupelos,
viburnums, ycws.

Cleaning methods: Apache-plume,
ashes, birches, antclope bitterbrush, the
elms, hackberries, castern  hophorn-
beam, common hoptree, the lindens,
mountain-mahogantes, oaks, Carolina
silverbell, tanoak, common winterfat,
yellow-poplar.

CLEANING IS SOMETIMES necessary.
For better storage and handling, sceds
of many specics must be cleaned of
chaff, trash, adherving {fruit parts, or
cmpty sceds, after separation from the
fruits. Sometimes cleaning is combined
with extraction and often a combina-
tion of mcthods is required to clean
the sceds. Most of the conifer sceds, for
example, must be both dewinged and
fanned.

Conifer seeds may be dewinged by
hand rubbing, beating or trampling in
sacks, or moistening and raking. Large-
scale dewinging is usually done in ma-
chines, which tumble the seeds against
stifl brushes, or in a maccrator. Such
machines must be used and adjusted
carcfully or much of the seed will be
injured.

Often sceds can be cleaned satis-
factorily by running them through
screens, cither dry or with running
water. Often two screens are used in
scrics, one with a mesh large enough
to pass the sceds but hold back larger
objects, and a sccond with a mecsh
small enough to hold the seeds but to
pass smaller material.

Fanning is the principal mcans of rc-
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moving wings or light chaff from many
kinds of sceds. Sometimes empty seeds
also are fanned out. Small lots can be
clecancd by passing them [rom onc con-
tainer to another in the wind or in
front of a fan. Large lots usually arc
run through standard agricultural
sced fanning or clecaning mills. Unless
fanning is donc skillfully, cither too
much dcbris will remain or too many
good sceds will be blown out.

Sceds of most pulpy or fleshy fruits
can be cleaned most effectively by flo-
tation in water. Sound sceds usually
sink, whercas poor secds, skins, and
pulp cither float or sink more slowly.
Freshly gathered acorns often  are
separated from the cups and wecviled
fruits by flotation in water. Loblolly
pine seeds can be cleaned better by
flotation in water than by fanning.
Prompt drying after such wetting is
essential.

To determine the amount of fruit
necded for specific sowing or market
requirements, it is necessary to know
the extraction factor.

The amount of clecaned sceds pro-
duced per 100 pounds of fruit as
usually collected ranges from 30 to 50
pounds for many spccies, and may
range from 1 to ncarly 100 pounds, as
shown bclow:

Onc to five pounds: Apples, arborvi-
taes, red chokeberry, cucumbertree,
golden currant, Douglas-fir, firs, hem-
locks, honeysuckles, black huckleberry,
California incense-cedar, inkberry, the
larches, common lilac, mountain-ashes,
the mulberrics, Osage-orange, common
pear, pines, raspberrics, scrviceberrics,
common snowberry, spruces, mahog-
any sumac.

Six to ten pounds: Glossy buckthorn,
silver buffaloberry, black chokeberry,
the clders, firs, honeysuckle, mountain-
holly, western snowberry, skunkbush
sumac, swectfern, sweetgum, American
sycamorc, yellow-poplar.

Eleven to twenty pounds: Japanese
barberry, bearberry, chamaecypariscs,
cherries, devils-walkingstick, elders,
euonymuscs, riverbank grape, shell-
bark hickory, pawpaw, Siberian pea-
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shrub, common persimmon, plums,
rcdwood, Russian-olive, common sca-
buckthorn, common spiccbush, sugar
sumac, common winterberry.

Twenty-one to forty pounds: Ailan-
thus, apricot, Japancse barberry,
American beech, boxelder, most buck-
thorns, butternut, the gum bumelia,
catalpas, cherrics, Kentucky coffcetree,
Virginia creeper, desertwillow, dog-
woods, American filbert, fringetree,
shagbark hickory, shellbark hickory,
Amecrican holly, honcylocust, castern
hophornbeam, junipers, common ju-
jube, locusts, mountain-mahoganies,
common persimmon, castern redbud,
Russian-olive, cornmon sca-buckthorn,
silktree, western soapberry, smooth
sumac, staghorn sumac.

Forty-onc to sixty pounds: Ailan-
thus, indigobush amorpha, baldcy-
press, boxelder, Kentucky colfcetree,
desertwillow, clms, European filbert,
mockernut hickory, Norway maple,
sugar maple, oaks, pccan, Fremont
silktassel, smooth sumac, black walnut,
little walnut, southcrn waxmyrtle,

Sixty-one to eighty pounds: Ailan-
thus, ashes, boxelder, lilac chaste-trec,
bitternut hickory, mockernut hickory,
pignut hickory, lindens, sugar maplc,
Tatarian maple, oaks, pecan. :

Eighty-one to onc hundred pounds:
Ailanthus, bitternut hickory, pignut
hickory, black maple, red maple, sugar
maple, oaks, laurcl sumac.

STORAGE VARIES considcrably. Forest
sceds scldom arc sown immediately
after extraction and clcaning. Com-
monly they arc extracted in the fall
and held over winter. Often, too, they
must be held for several years becausc
some species produce good crops in-
frequently. In cither case the sceds
should be stored so as to maintain high
viability. For some spccics this is a
simple matter; for others it is quitc
difficult, and for many, suitable storage
practices are not yet known.

The simplest and oldest method of
storage is to hold the sceds at air tem-
peratures cither in sacks or, preferably,
in scaled containers. Storage may be
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at room temperatures, in cool cellars,
or frequently in special sced-storage
sheds. Secds of many specics can be
kept for one or morc years in such
sheds, but for longer periods cold stor-
age is nccessary.

Sceds of many woody plants keep
well at temperatures between 33° and
50° F. Before storage, sceds of most
conifers should be dried to a moisture
content below 10 percent of oven-dry
weight. Seeds of the oaks, hickories,
and silver maple, however, should be
kept above 33-percent moisture con-
tent, and thosc of southern magnolia
should not be allowed to dry at all.
Proper cold storage requires a refrig-
erator or cold room in which tempera-
tures can be hcld nearly constant.
Sealed containers maintain the right
moisture content and are best for such
storage.

Many of the nuts and some other
sceds often can be stored for a few
months by mixing them with onc to
three times their volume of moist peat
moss, sand, or chopped sphagnum
moss, and placing them in a refrigera-
tor or holding them over winter in the
ground under a mulch. Sometimes
fall sowing is used instead.

The short-lived sceds of the poplars
can be kept fairly well for several
months in scaled containers from
which much of the air has becn ex-
hausted by suction pumps, or in which
the rclative humidity of the air is less
than 20 percent. So far, however,
vacuum storage has been attempted on
a laboratory scale only.

Under proper storage, sceds of most
trees can be kept viable for 5 to 10 years
and that of some specics has been kept
for several decades. The best storage
methods known for several species
follow:

Dry, cold storage in sealed con-
tainers:  Apples, arborvitacs, ashes,
barberries, bigcone-spruce, birches, an-
telope bitterbrush, blackberries, silver
buftaloberry, ceanothuses, lilac chaste-
trec, the cypresses, Douglas-fir, elders,
clms, firs, riverbank grape, hackber-
ries, hemlocks, honeylocusts, common
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hoptree, black huckleberry, junipers,
larches, black locust, maples (other
than silver) , the mountain-ashes, oleas-
ters, Osage-orange, pines, some pop-
lars, common prickly-ash, raspberries,
castern redbud, redwood, sassafras,
giant scquoia, the snowberries, spruces,
sumacs, sweetgum, witch-hazel, yclow-
poplar.

Moist, cold storage: Beeches, buck-
cyes, chestnut, chinquapins, filberts,
hickories, silver maple, oaks, tanoak,
walnuts, yews.

At air temperaturcs: Acacias, Ken-
tucky coffeetree, cucalyptus, fremon-
tias, common lilac, lindens, common
pear, the Siberian pea-shrub, European
privet, mcadow rose, fourwing salt-
bush, the common sea-buckthorn, com-
mon winterfat.

Under partial vacuum: Somc pop-
lars.

PRETREATMENT IS SOMETIMES rc-
quired. Sceds of some trees and shrubs
germinate quite promptly. Those of
many, however, often fail to sprout
even when exposed to suitable condi-
tions of temperature, moisture, oxygen,
and light. Such seeds are called dor-
mant, and special treatment is required
to induce germination.

There are two main causes of secd
dormancy: (1) An impermeable or
hard seed coat which prevents water
and oxygen from reaching thc embryo,
or sometimes prevents the embryo
from breaking through cven though
water has entered; and (2) internal
conditions of the embryo or stored food.
Many kinds of sceds have only one

- kind of dormancy, but there are many

others which have double dormancy.
To overcome sced-coat dormancy,
sceds usually arc subjected to one of
the following pretreatments: (1) Soak-
ing in concentrated sulfuric acid (usu-
ally from 15 to 60 minutes) ; (2) scari-
fying the sced coats with abrasives; or
(3) soaking in hot water (usually at a
temperature of 170° to 212° F.) for
about 12 hours as it gradually cools.
Treatments used to break internal
dormancy are: (1) Cold stratification,
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in which the seeds are placed in moist
sand, acid granular peat, or chopped
sphagnum moss and held at 32° to 41°
F. for 1 to 4 months; and (2) chemi-
cal treatment, in which the sceds are
soaked in such materials as thiourea or
cxposed to fumes of such substances
as cthylene chlorhydrin. The chemical
treatments have becn largely confined
to experimental usc.

To overcome double dormancy, the
sced coat must be made permeable
and the embryo or stored food induced
to undergo the changes nccessary for
germination. Sometimes cold stratifi-
cation is sufficient, but morc oftcn
soaking in hot water, acid treatment,
scarification followed by cold stratifi-
cation, or warm followed by cold strati-
fication is necessary. Double dormancy
can often be broken by sowing the
seed soon after collection in the late
summer and early fall.

Out of 444 species of tree and shrub
sceds studied, 33 pereent were non-
dormant, 7 percent had secd-coat
dormancy, 43 percent had internal
dormancy, and 17 percent had double
dormancy. A single specics may have
both dormant and nondormant secds,
or more than onc kind of dormancy.

Typical species with dormant sceds:

Secd coat dormancy: Acacias,
amorphas, Dahurian buckthorn, felt-
leaf ceanothus, the hairy ceanothus,
Monterey ceanothus, Kentucky coffee-
tree, honeylocusts, black huckleberry,
locusts, mesquite, common persimmon,
silktree, western soapberry, sumacs
(except skunkbush).

Internal dormancy: Alders (except
European), the ailanthus, apples, most
ashes, baldcypress, barberries, beeches,
bigcone-spruce, birches (except river),
antclope bitterbrush, American bitter-
sweet, buckeyes (cxcept California),
alder buckthorn, glossy buckthorn,
cascara buckthorn, buffalobcrries, lilac
chaste-tree, cherrics, American chest-
nut, chokeberries, creepers, currants,
flowered dogwood, devils-walkingstick,
Douglas-fir, cuonymuscs, filberts, firs,
fringetree, gooscberries (cxcept round-
leaf), riverbank grape, hackberries,
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hemleocks, hickories, hollies, honey-
suckles, castcrn hophornbcam, com-
mon hoptree, Amcrican hornbeam,
junipers, most larches, common lilac,
Pacific madronc, magnolias, most of
the maples, the European mountain-
ash, mountain-laurel, the mulberrics,
bitter nightshade, black oaks, olcasters,
pawpaw, common pcar, most pincs,
plums, common prickly-ash, European
privet, sassafras, scrviccberries, com-
mon sea-buckthorn, Fremont silktassel,
Carolina silverbell, common spiccbush,
spruces (cxcept the western white),
swectgum, sycamores, common trum-
petereeper, tupelos, viburnums, wal-
nuts, southern waxmyrtle, checker-
berry wintergreen, ycllow-poplar.
Double dormancy: DBristly aralia,
black ash, bluc ash, European ash,
bearberry, most ccanothuses, coto-
ncasters, most dogwoods, elders, frc-
montia, the panicled goldenrain-tree,
downy hawthorn, black jetbcad, some
junipers, common jujubc, the lindens,
manzanita, Amur maple, Amecrican
mountain-ashes, the mountain-holly,
Osage-orange, nggcr pine, Swiss stonc
pine, whitebark pine, raspberries, east-
crn redbud, meadow rose, wild-sarsa-
parilla, snowbcrries, skunkbush sumac,
witch-hazel, ycllowwood, yews.

SEED QuAaLITY largely governs the
ratc at which seeds should be sown to
produce a certain number of good
seedlings. Tests can disclosc several of
the fundamental characteristics of qual-
ity: Genuineness, purity, number of
seeds to the pound, moisture content,
and viability.

The sample tested should be truly
representative of the entire lot. Repre-
sentative sampling can bc attained
either by thorough mixing of the en-
tirc seed lot before sampling, or by
drawing a number of small subsamples
of equal size at random from different
parts of the lot in proportion to the
quantity of sceds in each part. The
number of sceds required for a germi-
nation test seldom should be less than
400, tested scparately in four cqual
parts. For lots larger than 100 pounds,
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from 800 to 1,000 seeds should be used.

Genuineness is determined by com-
paring a representative sample of the
sced lot under test with samples of
known identity. Purity commonly is
cxpressed as the percentage by weight
of clean whole sceds true to species in
a sample containing seeds and mixed
impuritics. The number of seeds per
pound is obtained by careful weighing
of a counted number of sceds. It is
usually cxpressed in two ways: The
number of clean seeds per pound of
the sample as received and the num-
ber of clean sceds per pound of pure
sceds. Moisture content usually is ex-
pressed as a percentage of the oven-
dry weight of the seeds after commer-
cial cleaning, but not on a purc sced
basis.

Viability, or the percentage of sceds
capable of germinating when exposed
to the most favorable conditions, is
determined directly by germination
tests or indirectly by cutting tests, the
growth of cxcised embryos, flotation,
biochemical staining of cmbryos, or
measurcments of enzyme activity. The
indirect methods give quicker results,
but they are seldom as rcliable as di-
rect germination tests.

Germination tests usually arc made
in flats, porous clay pots, or greenhousc
benches filled with fine sand, acid peat
(somctimes used as compressed mats),
or sphagnum moss; or in germinators
on porous plates, blotters, filter paper,
or agar. Sand, peat, or sphagnum moss
arc preferred as giving results closer to
germination in the nursery. Garefully
counted numbers of sceds, pretreated
where necessary, are sown on the sur-
face of peat mats or at controlled
depths in sand, moss, or peat flats.
Small sceds are sown shallow; larger
sceds decper, as a rule.

The sand, peat, or other medium
must be kept at a fairly constant mois-
ture level. Air temperatures should be
controlled closcely. Many specics ger-
minate well at temperatures fluctuat-
ing from 68° F. at night to 86° during
the day: some do just as well at con-
stant tenperatures of 70° or 75°;
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QOak seedling. The two plump seed leaves
packed with food remain inside the acorn.

others need temperatures that fluctu-
ate from 50° (night) to 77° (day) ; and
some germinate best at temperatures
between 40° and 50°. The needs of
each species must be known and sup-
plied for best results. Light is not neces-
sary for germination of most tree seeds,
but aids that of some southern pines.
Germination tests ordinarily are run
for 30 to 60 days. Counts should be
made every 2 or 3 days, and systematic
records of results should be kept and
made available to the sced wuscr.
Promptness of germination is almost
as important to nurserymen as amount.

NURSERYMEN DETERMINE the rate of
sowing from the laboratory tests as
modificd on the basis of their own ex-
perience. Nursery germination of tree
seeds commonly is from 50 to 80 per-
cent of laboratory germination. Since
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further losses normally occur after ger-
mination, the usable scedlings pro-
duced by a number of specics usually
run from 10 to 60 percent of the viable
secds sown. The following produce 10
to 15 usable scedlings for every 100
viable sced sown: European white
birch, silver buffaloberry, Siberian crab
apple, desertwillow, clms, Tatarian
honeysuckle, European larch, common
lilac, and Russian mulberry. Lilac
chaste-trec, Japanesc larch, and red-
wood yicld 16 to 20 usable scedlings;
Dahurian buckthorn, hackberrics, Si-
berian larch, black locust, and nanny-
berry produce 21 to 30; the common
jujubc and Siberian pea-shrub, 31 to
40; and the baldcypress, pincs, and
spruces, 41 to 60.

THE SOURCE OF SEED is important.
Forest trees and shrubs have evolved
raccs within species. Each race is spe-
cially adapted to thrive under the con-
ditions in which it has developed.
Unless secds of proper origin arc used
in forcst planting, trecs undesirable in
vigor, form, or hardiness may result
cven though the right specics has been
used.

Studics started more than 100 ycars
ago in Europe and about 35 years ago
in the United States have shown that
there arc climatic races in about 30
North Amecrican and 35 foreign tree
species. Doubtless many other trees and
shrubs also have developed races. Com-
prehensive information is available for
only five trees: Ponderosa pine and
Douglas-fir from North America; and
Scotch pine, Norway spruce, and Euro-
pean larch from Europe. Within these
species the various races differ in rate
of growth, stem form, leaf length, and
color; the time that growth starts and
stops; resistance to frost, drought,
diseases, and insects; fruit and sced
size; and wood quality.

Some forest trecs, within areas of
uniform climate, have even developed
races particularly adapted to local site
conditions. Furthermore, trees of the
samc species within an individual stand
may display much hereditary variation
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in all the characteristics listed under
climatic races. For these reasons sced
collectors should usc extreme care in
selecting the stands and cven individ-
ual trees from which they obtain secds.
They should try to have stands of de-
sirable trees sct aside as tree-seed farms
to providc a continuous source of high-
quality sceds.

In most countries of northern and
central Europe rigid laws have been
enacted to enforce the use of forest-
tree sceds of suitable origin. In the
United States no Federal legislation
has yet been passed, but some dcalers
have provided information as to sced
origin. The United States Department
of Agriculture in 1939 adopted a for-
cst-sced policy, stressing the use of
local seeds, and some other agencies
have followed suit.

ON THE BasIs of present knowledge,
there are three general requircments
that should be enforced either by vol-
untary action or regulation:

Seed collectors should be required
to label their seeds accurately and ade-
quatcly as to specics, time of collection,
and place of collection.

Secd dealers should be required to
purchase only properly labcled sceds
from collectors who arc known to be
reliable.

Uscrs of sced or nursery stock should
demand adequate information as to
sced origin and should use only sceds
of local origin or of proven adaptabil-
ity to local conditions, or stock grown
from such seeds.

PauL O. Ruporr is silviculturist at
the Lake States Forest Experiment
Station, maintained by the Depari-
ment of Agriculture in cooperation
with the University of Minnesota. He
has been doing research in forest-plant-
ing, forest-seed, and nursery problems
in the Lake States since 1931 and is
author of numerous publications on
those phases of forestry. Mr. Rudolf
holds degrees in forestry from the Uni-
versity of Minnesota and GCornell
University.



